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hygeng@pku.edu.cn (H. Geng).The automaticity of gaze-induced joint attention is well known in relatively easy cognitive tasks; but its
role in harder tasks had never been examined. This encouraged us to study automaticity in hard tasks,
tasks presenting the subjects with high perceptual loads. The Rapid Serial Visual Presentation (RSVP) par-
adigm was used to present participants with two streams of bilaterally displayed digit-ﬂows while they
ﬁxated at the center of a synthetic representation of a human face. The face was presented both above
(Experiments 1 and 2) and below (Experiment 3) the face’s visual threshold (henceforth called ‘‘supralim-
inal’’ and ‘‘subliminal’’, respectively). Interocular suppression was used to make the face stimulus invis-
ible (subliminal). In the critical trials of all three experiments, the gaze direction shown on the face was
randomly diverted to either the left or to the right. This directed the participant’s gaze either towards or
away from the location of a target in the RSVP. The perceptual load was always relatively high. It was
either set (Experiments 1 and 3) or manipulated (Experiment 2) during the experiment. In all three
experiments, an appreciably higher and signiﬁcant level of target detection was found when an uninfor-
mative gaze-cue was congruent with the location of the target. This result, which had only been reported
with relatively easy tasks previously, is called the ‘‘gaze-cueing effect’’. Our novel ﬁndings include show-
ing that: (i) the attentional effect of gaze persists under high perceptual loads, and (ii) awareness of the
gaze stimuli is not required to obtain the gaze-cueing effect. They also serve to validate prior support for
an important role of automaticity in gaze-induced joint attention.
 2011 Elsevier Ltd. All rights reserved.1. Introduction
Gaze plays an important role in social interactions by providing
cues that can assist a variety of social cognitive processes, such as
recognizing emotional states and evaluating social situations
(Adams et al., 2003; Adams & Kleck, 2005; Jones et al., 2006).
A very basic, and probably the most often studied, effect of gaze
is the social attentional effect. This effect includes ﬁndings such
as: (i) direct gaze is highly effective in capturing visual attention
(Conty et al., 2006; Senju, Hasegawa, & Tojo, 2005; Vuilleumier
et al., 2005), and (ii) averted gaze evokes joint attention (Ricciard-
elli et al., 2009). Gaze-induced joint attention is said to occur when
the individual observing an averted gaze aligns his/her attention
with the direction of the averted gaze (Nuku & Bekkering, 2008).
Directing attention to where gaze was directed encourages better
performance at these locations. This result is called the ‘‘gaze-
cueing effect’’ (e.g., Driver et al., 1999).ll rights reserved.
hangs@uww.edu (S. Zhang),The gaze-cueing effect has been shown to have three character-
istics. First, it is quick and reﬂexive. This effect is found with rela-
tively short (105 and 300 ms) cue–target Stimulus Onset
Asynchrony (SOA, Friesen & Kingstone, 1998), and with a temporal
pattern similar to the pattern used to obtain what is called the
‘‘exogenous cueing effect’’, i.e., an attentional effect elicited by
peripheral cues. Second, the gaze-cueing effect can also be ob-
served even when the gaze-cue is neither informative nor related
to the task (Frischen, Bayliss, & Tipper, 2007; Hietanen et al.,
2008), and when a transient gaze-cue is presented subliminally
(Sato, Okada, & Toichi, 2007). Third, the gaze-cueing effect has also
been found to be free from top-down control, and it even appears
when the gaze-cue is not predictive (Hill et al., 2010), or when par-
ticipants are required to ignore or to respond in the direction oppo-
site to the cued direction (Driver et al., 1999; Friesen, Ristic, &
Kingstone, 2004).
All of these characteristics imply automaticity, which sets the
gaze-cueing effect apart from other types of effects from atten-
tional cues, such as those produced by arrows (Downing, Dodds,
& Bray, 2004; Friesen, Ristic, & Kingstone, 2004). The support for
the automaticity of gaze-induced joint attention is based mainly
on what is called the ‘‘un-intentionality criterion’’ for automatic
S. Xu et al. / Vision Research 51 (2011) 2048–2056 2049processing. This criterion states that a process is automatic only if
it is neither facilitated by focusing attention on a certain stimulus
nor inhibited when attention is focused elsewhere (Santangelo &
Spence, 2008). This criterion was satisﬁed with all of the ﬁndings
summarized above, i.e., the ﬁndings that task-irrelevant and unin-
formative gaze-cues produce the gaze-cueing effect (Driver et al.,
1999; Friesen, Ristic, & Kingstone, 2004; Frischen et al., 2007;
Hietanen et al., 2008). But, there is another important criterion
for automaticity which has never been tested for the gaze-cueing
effect. It is called the ‘‘load-insensitivity criterion’’ (Schneider &
Shiffrin, 1977; Yantis & Jonides, 1990). This criterion states that
an automatic process should not be hindered by increasing the
concurrent information load (Santangelo & Spence, 2008). This
criterion has not been tested in studies of gaze-induced joint atten-
tion, and, to our knowledge, all previous studies have used rela-
tively easy tasks that carry a comparatively low perceptual load.
For example, in a typical spatial cueing paradigm, participants
respond to the onset of the target without any distractions (e.g.,
Driver et al., 1999; Hietanen et al., 2008).
The purpose of our study was to ﬁnd out whether there is a
gaze-cueing effect when there is a high perceptual load. We
thought that this should be done in order to establish the automa-
ticity of gaze-cueing effect, because with a low perceptual load,
participants might unwittingly utilize spare attentional resources
to process task-irrelevant information, such as averted gazes. If
they did this, one could question the automaticity of the gaze-cue-
ing. In other words, the gaze-cueing effect is not actually caused by
automaticity but by one’s application of a speciﬁc processing strat-
egy, such as processing as much information as possible, which
might be done, if there are sufﬁcient resources. So, examining
whether gaze-processing persists under high perceptual loads
can either rule out or conﬁrm that automaticity plays an important
role as has been claimed on the basis of the load-insensitivity cri-
terion, but either outcome will enhance our understanding of the
gaze-cueing effect. This investigation also has appreciable ecologi-
cal validity, because in everyday life, we often have to divide our
attention among multiple objects and process critical information
with limited resources.
High perceptual loads were created by asking participants to
detect a target in a bilateral Rapid Serial Visual Presentation
(RSVP). An RSVP is a stimulus-stream display consisting of one or
more targets and multiple distracters. Load-insensitivity was
investigated within this paradigm. Experiment 1 asked whether
the gaze-cueing effect would be found in a conventional high per-
ceptual-load context created by the RSVPs, and if it is found, what
is its time course? Either the lack of a gaze-cueing effect or any
moderating effect of cue–target SOAs would suggest that automa-
ticity was affected by the high perceptual load. Experiment 2 var-
ied the amount of the perceptual load directly. This was done to
provide more direct evidence on whether the gaze-cueing effect
is insensitive to the load. It was important to do this because the
automaticity claim about the gaze-cueing effect rests on the
‘‘load-insensitivity criterion’’ described earlier.
We also tested whether the gaze-cueing effect is contingent on
the participants’ awareness of the gaze-cue under high perceptual
load. It is reasonable to speculate on the basis of some recent brain-
imaging research, as well as from some psychophysical results,
that gaze-cues despite being suppressed from awareness may be
processed and evoke an attentional effect. This was a real possibil-
ity because many social cognitive processes are known to take
place without awareness of their external social triggers. For exam-
ple , the processing of selfness, familiarity, emotion, racial preju-
dice, and semantic information have all been observed with
subliminally presented stimuli (Burton et al., 2005; Eastwood &
Smilek, 2005; Habel et al., 2007; Jiang & He, 2006; Soto & Humph-
reys, 2009; Stone & Valentine, 2004, 2005; Suslow et al., 2006).Shifts of attention without awareness of their cues have also been
reported (Danziger, Kingstone, & Rafal, 1998; Ivanoff & Klein, 2003;
Kentridge, Heywood, & Weiskrantz, 1999a, 1999b; McCormick,
1997), but a subliminal gaze-cueing effect has only been reported
once, namely, by Sato, Okada, and Toichi (2007). Their effect was
smaller than the supraliminal effect found in a low-load condition
with rapid exposures (17.5 ± 8.5 ms) of the gaze-cues and with
Backward Masking (BM). Our Experiment 3 differed from Sato,
Okada, and Toichi (2007) in the method we used to render gaze-
cues invisible as well as in the perceptual load. We did not use
BM. Instead, we used a prolonged subliminal presentation of the
gaze-cues with continuous ﬂash suppression (CFS), the technique
used by Tsuchiya and Koch (2005). We did this because we thought
that prolonging suppression would allowmore subliminal process-
ing than Backward Masking would allow. Furthermore, previous
research had established that CFS obliterates the input into the
ventral temporal regions, but leaves dorsal stream processes lar-
gely unaffected (Fang & He, 2005), but Backward Masking allows
the suppressed information to reach both ventral and dorsal
stream visual structures in the brain (Dehaene et al., 2001). Com-
paring results of our study with those of the Sato, Okada, and Toi-
chi (2007) study also might shed some light on the role of the
dorsal and ventral visual pathways in processing subliminal gaze
because these two visual streams are in charge of distinct and dif-
ferent aspects of visual processing.
In summary, our present study was designed to increase our
understanding of the automaticity of gaze-induced joint attention
in two important directions, namely, load-(in) sensitivity and
awareness-(in) dependency.2. Experiment 1: Gaze-cueing effect under high perceptual load
Experiment 1 investigated whether the gaze-cueing effect is ob-
served in a high perceptual-load setting, that is, whether a target’s
detection is facilitated when it is at the gaze-congruent location as
oppose to when it is at the gaze-incongruent location. Our high
perceptual load was implemented by having the participants’
attention distributed among multiple ongoing events.
A within-subject factorial design was used, speciﬁcally, a 2
(Gaze Congruency: Congruent vs. Incongruent)  2 (cue–target
SOA: 0 ms vs. 318 ms) design. In the congruent condition, the
direction of the face’s gaze indicated the location of a simultaneous
or following target, whereas in the incongruent condition the gaze-
cue was directed to the location opposite to the target’s. In the
0 ms- and 318 ms-SOA conditions, the gaze-cue was either given
simultaneously with the target’s appearance or preceded the tar-
get’s appearance by 318 ms, respectively. This was done to ﬁnd
out how having a high perceptual load affected the onset-time of
the gaze-cueing effect. Driver et al. (1999) and Hietanen et al.
(2008) had reported that the gaze-cueing effect emerged quickly
when the perceptual load was low but its onset time had never
been studied under high-load conditions.2.1. Participants
Twenty-three undergraduate students from Peking University
participated in Experiment 1 as paid volunteers. All had normal
or corrected-to-normal vision. Data from two participants failed
to meet an accuracy criterion we employed and they were ex-
cluded from analysis: One participant’s data were excluded be-
cause his accuracy of target detection was only 25%. All other
participants had higher detection scores. They averaged >40%.
The other participant’s data were excluded because his proportion
of incorrect target-location judgments was high relative to the
other participants, >5% of all of his trials (not including misses)
2050 S. Xu et al. / Vision Research 51 (2011) 2048–2056were incorrect. Results from the remaining 21 participants (gen-
der = 7 males, 14 females; age range = 18–24, Mean age = 21.4,
SD = 2.0) were included in the ﬁnal analyses.
2.2. Materials
The program used in Experiment 1 was generated by Matlab7
with the Psychtoolbox 3. All stimuli were presented on a 19-in
Viewsonic Professional Series P97f+ (1280  1024 at 85 Hz) con-
nected to a Windows XP computer.
Face stimuli were generated by FaceGen 3.4.1 (Copyright2009,
Singular Inversions Inc.). All face stimuli were presented in the re-
gion between the forehead and the lower jaw of an animation im-
age seen against a dark gray background (40, 40, 40 RGB,
luminance: 2.98 cd/mm2). The face image subtended a 3  3 of
visual angle. The nose of the face was located on the central verti-
cal axis.
The face used as a baseline was FaceGen’s Eastern Asian average
face, gazing ahead but a little downward. It displayed no emotional
expression or gender characteristics. All other face stimuli were
variations of this face, with only the gaze diverted to the left or
to the right.
2.2.1. Fixation
Between trials, a light gray frame of the same size as the face
was presented at the center of the computer screen. A ﬁxation
cross inside the frame subtended a 0.5  0.5 visual angle and
its luminance was 3.73 cd/mm2. The center of the ﬁxation cross
was placed at the mid-point of a line drawn between the two eyes
of the to-be-presented face stimuli.
2.2.2. Digits and targets
Single digits, 0–9, were used in two independent RSVPs of dig-
its. Digits were presented bilaterally, 8 to the left and 8 right of
the center of the screen. Only the digits 0, 1, 2, 4, 5, and 7 were used
as the single target presented within an individual trial. All of the
nine non-target digits were used as ﬁller digits in each trial. All dig-
its were white. They subtended a 3  3 visual angle and their
luminance was 3.98 cd/mm2.
2.2.3. Outer frame
A light gray outer frame surrounded the face and the digits dur-
ing each block of trials. This frame subtended a 19  19 visual
angle.
2.3. Procedure
Participants took part individually in the experiment with their
heads supported by a chin rest at a viewing distance of 46 cm from
the computer screen.
Participants started with a practice block of trials and then ran
10 blocks, containing critical, catch and ﬁller trials. Each block,
which took 5 min, contained a total of 55 trials. Blocks were sepa-
rated by a 1-min rest period and there was a 1.5 s interval between
trials. After the initial practice block, the ﬁrst ﬁve trials in each
block were treated as warm-up trials and their data were not ana-
lyzed. After the ﬁve warm-up trials, 20 critical trials were run, 5 in
each of the four experimental conditions. Ten catch trials and 20
ﬁller trials were also run within each block. The three types of tri-
als, critical, catch and ﬁller were run in a random order.
Participants were told before each block which digit serve as the
target (0, 1, 2, 4, 5, or 7). The target only appeared once in the RSVP
streams of each critical trial. It also appeared in some of the ﬁller
trials. In the rest of the ﬁller trials, and in all the catch trials, the
RSVPs consisted of only ﬁller digits that were presented in a ran-
dom order.The start of a trial was signaled by a 500 ms presentation of a
ﬁxation cross inside the inner frame. This was followed by a 200-
ms interval during which the ﬁxation cross ﬂashed to draw the
attention of the participant. The baseline face appeared inside
the inner frame at the end of this interval; and at the same time,
two digit-ﬂows began to ﬂash bilaterally at the rate of 106 ms
per digit. Participants were instructed to simultaneously: (i) ﬁxate
on the image of the face and (ii) to pay attention to the bilateral di-
git-ﬂows. They were also told that when they detected the target,
they should respond to its location in the RSVPs (left or right), by
pressing the ‘‘F’’ or ‘‘J’’ key with their left or right index ﬁnger.
The image of the face and the bilateral digit-ﬂows remained on
the screen within each trial until a response was made or until
1700 ms had elapsed. The participants’ reaction time (RT), as well
as accuracy, was recorded. The ‘‘accuracy’’ index used was the per-
centage of critical trials in which there was a correct detection of
the target digit.
In each critical trial, the gaze of the face was averted randomly
to the left or right with equal probability. The aversion was either
congruent or incongruent with the location of the target digit. Our
use of equal probabilities of the congruent and incongruent gaze-
cues was designed to prevent participants from deliberately adopt-
ing the strategy of responding to the direction of the face’s gaze.
Participants were informed beforehand that the direction of gaze
would not provide any information about where the target digit
would appear. The gaze-cue appeared at a randomly-chosen time
between 700–1200 ms after the baseline face had been displayed,
and it remained for 106 ms before returning to the baseline direc-
tion. The target digit was presented either simultaneously with (in
the 0 ms condition), or 318 ms after (in the 318 ms condition), the
presentation of the gaze-cue (see Fig. 1 for a diagram of the exper-
imental conditions and the sequence of the stimuli). Participants’
responses that were made within 1s after the offset of the presen-
tation of the face were considered to be acceptable and were re-
corded. An incorrect response would prompt a warning message
that remained on the screen for 1 s.
Filler trials were included in each block to prevent participants
from developing response strategies, such as relying on the onset
of an averted gaze as a cue for the target’s presentation. One-third
of the ﬁller trials had an averted-gaze-cue but no target, another
third had a target but no gaze-cue, and the rest had the target digit
appearing prior to the gaze-cue.
Catch trials were included in each block to ensure that partici-
pants maintained their attention on the region containing the eyes
in the face. A catch trial did not have either target-digits or gaze-
cues. In a catch trial, the eyes of the face ‘‘blinked’’, i.e., closed for
106 ms. Participants were asked to press the space key at the onset
of a ‘‘blink’’ and they were told not to miss ‘‘blinks’’ more often
than twice in each block because, if they did, the block would be
rerun. To ensure that the participants did not adopt too high an
accuracy criterion in the blink detection task at the expense of
the target detection task, participants were also told that any block
with target detection accuracy lower than 20% would have to be
run again.
Participants were also instructed to withhold their key pressing
when neither a target nor a blink was presented. This instruction
was given because this could occur during some ﬁller trials. A cri-
terion was also adopted to discourage guessing. This was done as
follows: only 5% of the total trials of each block (three trials) could
contain an error, where three types of errors were deﬁned, namely,
an incorrect location-judgment (excluding misses), a false alarm
(reporting a target when there was none in a ﬁller trial or in a catch
trial), and responding before a target’s onset. Exceeding this 5% limit
would require rerunning the block in which it occurred.
To make sure that for each of the participants, the level of task
difﬁculty was appropriate (i.e., to avoid ceiling or ﬂoor effects),
Fig. 1. Illustration of the critical trials in Experiment 1. (a) shows the sequence of stimuli during a ‘‘0 ms-SOA & incongruent’’ trial, in which a target digit (‘‘5’’ in this example)
was presented simultaneously with a gaze-cue on the side opposite to the target’s location. (b) shows the sequence of stimuli in a ‘‘318 ms-SOA & congruent’’ trial, in which a
target digit (‘‘5’’ in this example) was presented 318 ms later than the onset of the gaze-cue and on the same side as the target.
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shared the same target, providing the participant’s accuracy of tar-
get detection in the ﬁrst block was acceptable (within the 30–90%
range). If it was not, the target would be changed in the second
block. With this arrangement, nineteen of the 21 participants
who served in Experiment 1 ended up detecting ﬁve different tar-
get digits and two participants ended up detecting six different tar-
get digits during their participation.50
55
0 ms 318 ms mean
Cue-target SOA
A
cc
u
Fig. 2. Accuracy of target digit detection (%) in the four conditions employed in
Experiment 1.3. Results
The participants’ average percentage in all trials that had incor-
rect location-judgments and false alarms, combined, ranged from
0.3–4.31 (Mean% = 1.9, SD = 0.9), which suggests that the partici-
pants were actually perceiving, rather than guessing, about what
was going on during this experiment. The participants’ average tar-
get-detection accuracy (including critical trials and ﬁller trials with
a target presented) ranged from 43.5–81.0% and the overall
Mean% = 62.6% (SD = 9.97). These results show that the speciﬁc
task we used was not too easy. It had, as we intended it to have,
a high perceptual load. The difﬁculty of the task was also demon-
strated by the participants’ RTs, which ranged from 514–1221 ms
(Mean = 722.9 ms) in the critical trials.
To test whether there was a gaze-cueing effect in what we now
know was a difﬁcult high perceptual-load task, we conducted a
two-way repeated Analysis Of Variance (ANOVA) on both reaction
times and target-detection accuracy in the critical trials, with the
gaze-congruency variable (congruent vs. incongruent) and cue-
target SOA variable (0 ms vs. 318 ms) as within-subject factors.
No signiﬁcant main effect was found in the participants’ reac-
tion time data (F < 1), but there was a signiﬁcant main effect of
the SOA on target-detection accuracy (F(1, 20) = 10.87, p < .01,
g2 = 0.35). Participants were more accurate when they detected
target digits in the delayed 318 ms-SOA condition than in the
0 ms-SOA condition. More importantly, the main effect of gaze
congruency was also signiﬁcant (F(1, 20) = 7.35, p < .02,
g2 = 0.27): the participants’ target-detection accuracy was higher
in the congruent than in the incongruent condition. The results
of this analysis support the presence of a gaze-cueing effect in
our high perceptual-load conditions (see Fig. 2 for a graphic illus-
tration). Note that despite the fact that our reaction time measure
was not sufﬁciently sensitive to show a gaze-cueing effect, the ef-
fect was reﬂected in the difference in our target-detection accuracymeasure, where it was found in the difference between the congru-
ent and incongruent conditions. Fourteen of the 21 participants
(66.7%) showed individual trends consistent with having a gaze-
cueing effect. The interaction between cue–target SOA and gaze
congruency was insigniﬁcant (F < 1), which suggests that the rapid
gaze-cueing effect was not moderated by our very different cue–
target SOAs.4. Experiment 2: Gaze-cueing effect while varying the
perceptual load
Experiment 1 showed that there was a gaze-cueing effect with a
high perceptual load in the RSVPs paradigm, but this experiment
did not explore the effects of varying the perceptual load on the
gaze-cueing effect directly. In Experiment 2, the effect of percep-
tual load was studied directly in the RSVPs paradigm by comparing
target detection performance under both a high and a low load in
the same experiment within the same participants.
A within-subject factorial design was used again, speciﬁcally a 2
(Gaze Congruency: Congruent vs. Incongruent)  2 (Perceptual
Load: Low vs. High), but now the cue–target SOA was ﬁxed at
318 ms. The gaze-congruency factor was manipulated in the
same way as in Experiment 1 and the perceptual load was manip-
ulated by varying the number of ﬁller digits in bilateral RSVPs.
There were nine ﬁller digits in each trial for the high-load condi-
tion, but only 2–3 ﬁller digits for the low-load condition.
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Fig. 3. Accuracy of target detection (%) in the four conditions employed in
Experiment 2.
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Thirty-seven students from Peking University participated in
Experiment 2 as paid volunteers. All had normal or corrected-to-
normal vision. Data from three participants were excluded because
of a ceiling effect observed in their accuracy data. Results from the
remaining 34 participants (gender = 11 males, 23 females;
range = 18–25 yrs; Mean age = 22.0, SD = 2.2) were included in
the ﬁnal analyses.
4.2. Materials
The same as described in Experiment 1 except for two changes,
namely, the single target digit for each block was chosen from 2, 3,
5, 7, 8, and 9, and the digit was varied among the blocks and par-
ticipants. These digits were chosen because they had proven to be
more difﬁcult to detect than the others in a pilot study and we
needed to use difﬁcult target digits to avoid a ceiling effect in
our low-load condition. The second change from the ﬁrst experi-
ment was also made in the low-load condition where only two
or three digits were used as ﬁller digits in each block. They were
chosen from 1, 2, 4, 5, and 7, and they were varied randomly
among the blocks and participants.
4.3. Procedure
The procedure for Experiment 2 was similar to Experiment 1
with the following four differences. First, each block lasted 6 min.
It contained 65 trials and in each block; there were 24 critical trials,
with 6 in each of the four experimental conditions. They were ran-
domly mixed with 12 catch trials and 24 ﬁller trials. The details of
each critical trial were the same as those with the 318 ms-SOA tri-
als used in Experiment 1 except that the perceptual load was
manipulated as described above. The second change was made to
lower the participants’ anxiety-level during the task. This was done
by eliminating the warning message after missed targets. The other
feedback messages remained the same as in Experiment 1. Third,
the accuracy cutoff limit used to reject low-accuracy blocks was
made more lenient. It was reduced from the 20% used in Experi-
ment 1 to 15%. Fourth, successive blocks that shared the same tar-
get digit were permitted whenever target-detection accuracy in
the prior block had been acceptable, i.e., between 15% and 95%.
This was done to make ceiling or ﬂoor effects less likely.1 Note that an effort was made to be cautious when it came to accepting this null
ffect. Our caution is reﬂected in our experimental design, and also by the fact that we
creased our sample size from the 23 participants, who served in the initial
xperiment, to 34 participants whose data are summarized in this paper. Note that
e obtained the same results with the larger sample size, namely the perceptual-
ad’s moderating effect was found to be trivial. Based on these considerations, we
ink that it is reasonable to accept that the gaze-cueing effect did not depend on the
ad we manipulated.5. Results
All 34 participants met the imposed limitation on wrong loca-
tion judgments, once again, indicating that their responses were
reﬂecting their perceptions, rather than their guesses.
The participants’ overall target-detection accuracy (including
critical trials and ﬁller trials with a target presented) in the low
perceptual-load condition ranged from 31.3–90.1%, Mean = 63.4%
(SD = 15.47), and it ranged from 20.4–77.0% in the high percep-
tual-load condition, Mean = 45.5% (SD = 12.46). A paired sample
t-test showed that the overall accuracy in the low-load condition
was signiﬁcantly higher than it was in the high-load condition
(t(33) = 7.45, p < .01). The participants’ mean overall RT was
698.9 ms (SD = 331.55) in the low-load condition (including critical
trials and ﬁller trials with a target presented), were signiﬁcantly
shorter than the mean overall RT of 720.5 ms (SD = 332.02) in the
high-load condition, (t(33) = 2.66, p = .01). These data clearly show
that our manipulation of the perceptual load was effective.
To test whether the perceptual load moderated the gaze-cueing
effect, a two-way repeated analysis of variance (ANOVA) was con-
ducted on target-detection accuracy in the critical trials, with gazecongruency and perceptual load as within-subject factors. The
main effect of congruency was signiﬁcant (F(1, 33) = 12.36,
p = .001, g2 = 0.27), which shows that participants detected target
digits more accurately in the congruent condition than in the
incongruent condition. Twenty-four of the 34 participants in the
low-load condition (71%) and 22 in the high-load condition (65%)
showed the congruency effect in the expected direction. The main
effect of load was also signiﬁcant (F(1, 33) = 70.48, p < .001,
g2 = 0.68, which show that accuracy was higher in the low-load
condition than in the high-load condition, further conﬁrming the
effectiveness of our perceptual-load manipulation.
Even more importantly, the interaction between the perceptual
load and gaze congruency was not signiﬁcant (F(1, 33) = 1.24,
p > 0.2, g2 = 0.04, see Fig. 3 for a graphic illustration). This result
suggests that the gaze-cueing effect did not vary with the level
of perceptual load, at least not within the range of our manipula-
tion. This means that the gaze-cueing effect as observed in this
experiment met the ‘‘load-insensitivity criterion’’ that has been
used to suggest automaticity (see above).1
Similar analysis of the reaction time data of Experiment 2 re-
vealed a signiﬁcant main effect of load (F(1, 33) = 12.91, p = .001,
g2 = 0.29). The responses in the low-load condition were quicker
than in the high-load condition, echoing the results obtained for
accuracy and indicating that our manipulation of the perceptual
load was effective. No other signiﬁcant effect was found in the
reaction-time data in this experiment.6. Experiment 3: Cueing effect with interocularly suppressed
gaze under a high perceptual load
Results from both Experiments 1 and 2 consistently demon-
strated that there were attentional effects induced by supraliminal
gaze-cues under a high perceptual load. In Experiment 3, we inves-
tigated whether the gaze-cueing effect under high perceptual load
also can be obtained when the stimuli are subliminal, i.e., when the
participant is not aware of the gaze-cue.
The subliminal presentation of stimuli in this experiment was
created by using interocular suppression. It is based on the contin-
uous ﬂash suppression technique used by Tsuchiya and Koch
(2005). We modiﬁed the noise images used to produce thee
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Fig. 4. Illustration of the setup and sequence of stimuli of a critical trial in the ‘‘short-duration & incongruent’’ conditions of Experiment 3, in which a target digit (‘‘5’’ in this
example) was presented on the side opposite to the direction of gaze approximately 318 ms after the onset of the gaze-cue.
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tions were made to make the subliminal presentation of the stim-
uli more stable and persistent.
The overall design of the experiment was still a 2  2 factorial,
with gaze congruency and duration of the cue (short vs. long) as
within-subject factors, and with the cue–target SOA ﬁxed at
318 ms. Varying the duration of the gaze-cues was used to ﬁnd
out whether the implicit processing in question depends on the
duration of the cue’s exposure time. Speciﬁcally, in the short-cue
condition, the gaze-cue was presented subliminally for 106 ms,
whereas in the long-cue condition, the gaze-cue was presented
subliminally until the end of the trial (about 1 s).6.1. Participants
Eighteen undergraduate students from Peking University, with
normal or corrected-to-normal vision, participated in Experiment
3 as paid volunteers. Data from four participants were excluded
from analysis: Two did not pass the awareness test, and the other
two showed an unacceptably high percentage of suppression fail-
ures, i.e., >5% of the total trials (see the Section 6.3 for details). Re-
sults from the remaining 14 participants (gender = 6 males, 8
females; age-range = 18–24 yrs.; Mean age = 21.7, SD = 2.2) were
included in the ﬁnal analysis.6.2. Materials
The face and digit stimuli used in Experiment 3 were the same
as those used in Experiments 1 and 2, but the presentation method
was adapted for use with the interocular suppression technique.
The stimuli were projected separately to each of the participant’s
eyes with a mirror stereoscope. Dynamic noise images were pre-
sented in the central visual ﬁeld of the suppressing eye, while
the suppressed eye was presented with the face stimuli used in
the ﬁrst two experiments. In the bilateral visual ﬁelds, two digit-
ﬂows were presented binocularly which permitted these ﬂows to
be perceived free from any interocular suppression (see Fig. 4 for
a diagram of the experimental conditions and the sequence of
the stimuli). The duration of each pair of digits was set to 106 ms.
The noise images were generated in sets prior to the experiment
according to the following speciﬁcations: Each set of noise images
started with a Mondrain image containing randomly located
squares of various sizes and colors (luminance: 30.8 cd/mm2), each
subsequent noise image hadmore squares added to it, again of ran-
dom colors and sizes and in random locations. These newly added
squares covered 10% of the image area. During the experiment, the
noise images of each set were presented in succession at the rate ofmonitor’s refresh rate, 85 Hz, so each image lasted about 12 ms.
These dynamic noise patterns were designed to produce a more ro-
bust interocular suppression than the traditional 10-Hz-change-
frequency of the noise images used by Tsuchiya and Koch (2005).
We conﬁrmed that they had the desired effect in some preliminary
experiments.6.3. Procedure
Each participant went through a total of three sessions: specif-
ically, an experimental session ﬂanked by two awareness test
sessions.6.3.1. Experimental session
Comprised of 1 practice block and ﬁve blocks with 71 trials in
each. Each block started with ﬁve warm-up trials which were ex-
cluded from the ﬁnal analysis. They were followed by a random
mix of 6 catch trials, 20 ﬁller trials, and 40 critical trials. After
the ﬁrst 36 trials, participants rested for 85 s.
The 40 critical trials consisted of 10 trials for each of the four
experimental conditions. In the short-cue condition, the gaze-cue
was presented for 106 ms to the suppressed eye, and then re-
placed by the baseline face. In the long-cue condition, the gaze-
cue was presented until the trial ended. In all critical trials, the
gaze-cue appeared at a random time between 700 and 1200 ms
after the onset of the face image.
In the catch trials, the baseline face image was presented binoc-
ularly for 106 ms. This presentation allowed the partici-
pants enough time for them to become aware of the face, and
they were required to report that they had had awareness when
they did. These catch trials served two purposes. First, they kept
participants attentive to the central face area, and second, they
served as the ‘‘quality control’’ for the suppression: if participants
reported a ﬂash of a face in a critical trial, they were assumed to be
experiencing a failure of suppression and data from these suppres-
sion-failure trials would be excluded from analysis. Furthermore,
when the rate of suppression-failure exceeded 5% of the total num-
ber of critical trials, all of the data from that participant would be
excluded from analysis.
The variety and total number of ﬁller trials were reduced in
Experiment 3 to make this experiment’s duration acceptable. Only
ﬁller trials with no averted gaze-cues were included to meet this
goal.
Throughout the experimental session, participants reported the
location of the target digit (left or right) by pressing the ‘‘F’’ or ‘‘J’’
key, and the ‘‘ﬂash’’ of any face or face part by pressing the space
key. The warning feedback message and the criteria for false
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*6.3.2. Awareness test session
This session was the same as the experimental session, except
that no RSVPs were presented. Instead, a face, either intact or
scrambled, was presented to the suppressed eye. This procedure
replaced the gaze-congruent vs. incongruent condition in the ear-
lier experiments. Participants were informed before each session
that only 50% of the trials would contain intact face stimuli, and
they were instructed to ‘‘guess’’ in each trial whether an intact face
had been presented simultaneously with the dynamic noise image.
They were told that they should base their responses on their ‘‘gut
feelings’’. Each awareness test session consisted of 85 forced-
choice trials, with the ﬁrst 5 as warm-ups and the rest randomly
assigned to three conditions: 25% of these trials had a long gaze-
cue on an intact face, 25% had a short gaze-cue on an intact face,
and the remaining 50% had scrambled faces.
The purpose of the awareness test sessions is to ensure that the
presentation of the face stimuli was actually subliminal through-
out the experimental sessions. Comparing the accuracy of the par-
ticipant’s judgment in such a forced-choice task with the chance
level has been widely accepted as a rigorous way to check for the
presence of awareness (Merikle, Smilek, & Eastwood, 2001). This
method made it possible to exclude a participant’s data from the
ﬁnal analysis if the forced-choice accuracy deviated from the
chance level in either of the duration-of-cue conditions, or if it
was different in either of the two awareness test sessions by chi-
square tests (ps < 0.05).
Note that in the CFS paradigm, it may not be necessary to pro-
cess the face stimuli to obtain a gaze-cueing effect. For example,
participants might be able to detect the gaze direction on the basis
of low-level visual cues. They need not integrate the entire face be-
fore being able to detect the gaze direction. An additional aware-
ness test was conducted on a separate sample of 18 participants
in order to ensure that the gaze-cues used during CFS were actually
below the awareness threshold of the participants. This test in-
cluded two blocks of trials with the same stimuli used in the crit-
ical trials in Experiment 3. The ﬁrst block of trials was designed to
ﬁnd out whether participants were able to detect any shifts of gaze.
This gaze-shift-or-no-gaze-shift block included 85 trials with the
ﬁrst 5 trials serving as warm up trials. Half of the remaining 80 tri-
als were presented to the suppressed eye of participants with the
gaze of the face looking straight ahead (i.e., gaze was not shifted).
In the other half of the trials both long and short gaze-cues were
used with gaze averted to the left or the right (as described in
Experiment 3). Participants were told before this block that 50%
of the trials would contain a gaze-shifting face, and they were in-
structed to ‘‘guess’’ whether the gaze of the face had been shifted.
The second block of the awareness test was designed to determine
whether participants were able to tell the direction of a gaze shift
when different gaze-cues were used. The block consisted of 65
forced-choice trials that included a gaze-cue averted either to the
left or to the right in each trial. The ﬁrst ﬁve trials served as warm
up. Participants were told beforehand that during 50% of these tri-
als the gaze would be averted either to the left or to the right, and
they were instructed to guess on each trial about the direction of
the gaze shift.50
55
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Fig. 5. Accuracy of target detection (%) in the four conditions employed in
Experiment 3.7. Results
The mean rate of false alarms and incorrect location-judgments
over all trials in Experiment 3 averaged only 1.4% (SD = 0.7) and
individual means ranged from 0.4–2.7%. These results rule out an
important role for guessing. The mean accuracy of target detectionwas 62.5% (SD = 15.06) and individual means ranged from 27.6% to
81.4%, indicating that our stimuli provided our participants with an
appropriate level of task difﬁculty.
7.1. Invisibility of the cues
Results from the forced-choice tasks in the awareness test ses-
sions in Experiment 3 (guessing whether a face was presented dur-
ing the trial) showed that all participants performed at chance
level, with their overall mean accuracy = 52.9% (SD = 4.97). To en-
sure that the face stimuli had actually been invisible, we calcu-
lated sensitivity indices (d0) for the ability to discriminate: (i)
faces with long gaze-cues from scrambled faces (Md0 = 0.15,
SD = 0.99), (ii) faces with short gaze-cues from scrambled faces
(Md0 = 0.01, SD = 1.17), and (iii) all intact faces from scrambled
faces (Md0 = 0.12, SD = 0.97). We also subjected these indices to
separate one sample t-tests. None of the overall tests were distin-
guishable from zero (ps > .5), nor were any of the tests made under
each of the gaze-cue conditions.
More importantly, our additional forced-choice awareness test-
ing of the detection of the gaze-cues showed chance performance
in both blocks of trials. Speciﬁcally, in the gaze-shift-or-no-gaze-
shift block, the participants’ mean accuracy of judgment was 50.4%
(SD = 5.94). In the left-or-right-gaze block, the participants’ mean
accuracy of judgmentwas 50.7% (SD = 4.32).We also calculated sen-
sitivity indices (d0) for theparticipants’ ability to discriminate: (i) the
long gaze-cue fromno-shift gaze (Md0 = 0.03, SD = 0.38), (ii) the short
gaze-cue fromno-shift gaze (Md0 = 0.02, SD = 0.28); (iii) all gaze-cues
from no-shift gaze (Md0 = 0.01, SD = 0.23), and (iv) leftwards and
rightwards gazes (Md0 = 0.02, SD = 0.30). None of these test results
was distinguishable from zero (ps > .5).
These results, taken together, should convince the reader that in
Experiment 3, the suppressed images and the gaze-cues were
really invisible.
7.2. Gaze-cueing effect
Fig. 5 shows the accuracy of target detection in each of the four
conditions employed in Experiment 3. We also conducted a two-
way (gaze congruency  duration of cue) repeated ANOVA on the
accuracy of target detection to ﬁnd out whether a gaze-induced
attentional effect occurs when the gaze-cue is presented sublimi-
nally. The main effect of gaze congruency was signiﬁcant
(F(1, 13) = 7.01, p = 0.02, g2 = 0.35). The accuracy of target detec-
tion in the gaze-congruent condition was signiﬁcantly higher than
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effect had been produced by our subliminal gaze-cues. Also, 10 of
the 14 participants (71%) showed at least a trend consistent with
having a gaze-cueing effect. Neither the main effect of cue duration
nor the interaction between gaze congruency and duration of cue
was signiﬁcant (Fs < 1). No signiﬁcant effect was found in the reac-
tion time data either.
8. Discussion
Results from our three experiments, when taken together,
clearly show that joint attention is induced by gaze stimuli under
high perceptual load, with both supraliminal and subliminal
gaze-cues. They also provide ﬁrm support for the claim that gaze
processing is automatic and reﬂexive, a claim that previously had
support only from experiments of gaze-processing under low per-
ceptual loads.
Our study also provides evidence for automaticity thatmeets the
twomost critical criteria for establishing this characteristic, namely,
the un-intentionality criterion and the load-insensitivity criterion
(Santangelo & Spence, 2008). Frischen et al. (2007) and Hietanen
et al. (2008) had already shown that gaze-induced shifts of attention
satisfy the un-intentionality criterion. We provided additional sup-
port in our study by explicitly instructing participants, before they
performed, that the direction of gazewill not be relevant to the loca-
tion of the target and their post-experiment self-reports conﬁrmed
that they had not paid attention to the gaze directions, so there
should be little, if any, doubt that the cueing effect was obtained
without the participants’ voluntary control in our study.
The load-insensitivity criterion for automaticity (Santangelo &
Spence, 2008), which emphasizes the independence of the percep-
tual load, had remained untested for gaze processing until our
study. We now can supply two pieces of evidence suggesting that
gaze processing is not sensitive to the perceptual load, namely, the
fact that the gaze-cueing effect is evident in a task where the aver-
age accuracy was about 60% (Experiment 1), and further support
can be gotten from the fact that the gaze-cueing effect was insen-
sitive to manipulations of the perceptual load (Experiment 2).1
Furthermore, our ﬁndings help to rule out a possible alternative
explanation for the gaze-cueing effect that has been reported un-
der low perceptual loads. This alternative explanation suggests
that when spare cognitive resources are available, individuals
may adopt a strategy for processing task-irrelevant information,
such as gaze-cues, and thereby gain a potential advantage. In our
study, it seems highly unlikely, if at all possible, that participants
deliberately allocated some cognitive resources for processing
uninformative cues because doing this would have adversely af-
fected their performance of the task, in the hope of gaining some
dubious, unspeciﬁed advantage or satisfaction during their partic-
ipation in the experiment.
Additional support for the automaticity of the gaze-cueing ef-
fect comes from the fact that the cue–target SOA and the duration
of the gaze-cue did not have any effects in our study. These results
are consistent with commonly-accepted characteristics of auto-
matic processing (Friesen & Kingstone, 1998; Posner, 1978; Schnei-
der & Shiffrin, 1977).
We also added to prior research on subliminal gaze processing
(Sato, Okada, & Toichi, 2007) by showing that the awareness of
the cues is not necessary for obtaining the gaze-cueing effect under
a high perceptual load. This ﬁnding suggests that gaze-induced
joint attention is load-insensitive at a subliminal level. The interoc-
ular suppression used in Experiment 3 made a relatively long sub-
liminal presentation of the gaze-cues possible. Our ability to
examine joint attention with prolonged subliminal gaze-cues al-
lows our study to offer convincing evidence to support an impor-
tant role for subliminal gaze-processing.Our study also provides some indication of the mechanism that
is used to process complex, subliminal visual stimuli. Fang and He
(2005) showed that interocular suppression can block the ventral
but not the dorsal visual pathway, and Dehaene et al. (2001)
showed that BM allows suppressed information to reach both ven-
tral and dorsal stream structures. It seems likely that the sublimi-
nal effect observed in our study relies mainly on processing via the
dorsal visual pathway. Goodale et al. (1991) suggested that visuo-
motor information may give rise to computations in the dorsal
stream that are specialized for spatial and visuomotor analyses.
We suggest that gaze might contain precisely this kind of informa-
tion. However, the activation of the dorsal pathway, alone, does not
seem to be able to account for all of the effects that have been ob-
served under interocular suppression, e.g., the semantic and sub-
word priming effect reported by Costello et al. (2009) and the
familiarity effect reported by Jiang, Costello, and He (2007). The
ventral visual pathway has also been implicated by Jiang and He
(2006) in the processing of suppressed biologically signiﬁcant
stimuli (see also, Sterzer, Haynes, & Rees, 2008). It might, therefore,
still be possible for subliminal gaze stimuli to reach the ventral
stream and be processed if they have social signiﬁcance and/or
emotional implications for the individual. Neuroimaging studies
would surely be of value for differentiating the roles of the ventral
and dorsal pathways in the processing of subliminal gaze-cues.
An important question still to be answered is how information
obtained under interocular suppression reaches the higher cortical
areas. Given that attentional orienting evoked by averting gaze is
highly similar to exogenous attention-orienting (Driver et al.,
1999; Friesen & Kingstone, 1998; Langton, Watt, & Bruce, 2000), it
might be accomplished in a similarmanner, namely by the feed-for-
ward sweep via subcortical pathways that involves the superior col-
liculus and pulvinar (Mulckhuyse & Theeuwes, 2010). This type of
unconscious processing could trigger and modify behavior reﬂex-
ively before the information reach consciousness (Lamme, 2003).
Note also that the automatic processing of gaze and its atten-
tional effect that we found may reﬂect the great adaptive value of
gaze as a social cue. Gaze not only conveys information essential in
language acquisition, social development, and in the theory of mind
(TOM; Farroni et al., 2002; Frischen et al., 2007), it also has consider-
able signiﬁcance in coordinating social interactions (Adams et al.,
2006;Emery, 2000; Itier&Batty, 2009). Theefﬁciencyof information
processing involved in the activities (described just above) is crucial
for our normal functioning and survival in any complex social con-
text. With this in mind, it should be clear that gaze might be pro-
cessed rapidly and automatically so as to make it highly
ecologically-adaptive just as it is known to be in other types of auto-
matic social cognitive processing (e.g., Jiang et al., 2006; Lin,Murray,
& Boynton, 2009). Evidence from brain research has also shown that
when attention is oriented automatically, unlikewhat happenswith
non-social exogenous cues, the processing of averted gaze is accom-
panied by activation in some areas of the social cognitive network,
including the superior temporal sulcus and the intraparietal sulcus
(Hoffman & Haxby, 2000; Puce et al., 1998), as well as in the amyg-
dale (Okada et al., 2008).
In conclusion, our study provides both psychophysical and
behavioral evidence that enhance our understanding of the impor-
tant characteristics of gaze-induced attention: speciﬁcally, that it is
insensitive to perceptual load and that it does not rely on the
awareness of gaze-cues. These ﬁndings have important implica-
tions for future studies designed to examine the nature of auto-
matic social/cognitive processes and their underlying mechanisms.
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